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WELDED MICROSEAM 



15 



The present invention relates to the production of a waterproof seam between 
adjacent pieces of waterproof, water-vapor-permeable laminates e.g. in the 
5 construction of high performance waterproof, water-vapor permeable garments, 
gloves, shoes, etc. The invention allows waterproof thin seams of very small 
dimensions to be produced. Furthermore the invention allows continuous curved 
welded seams. 

10 Waterproof, water-vapor-permeable fabrics and garments made therefiom are well 
known in the art. Such garments combine waterproomess with breathability, 
whereby water-vapor generated by the wearer is able to pass out through the garment 
thereby making the garment comfortable to wear. 

A number of waterproof, water-vapor permeable materials (referred to herein as the 
"functional layer") are known in the art. Very often these functional layers are 
laminated to one or more textile layers. Whilst the laminate itself is waterproof, the 
production and sealing of seams made between adjacent pieces of functional layers 
or of laminate material constitutes a particular problem. Conventionally, such seams 
are made by sewing the material and then covering the seam with seam sealing tape 
which is secured to the fabric on either side of the seam itself. This technique is 
producing very thick seams (one layer above the other layer) which are not 
waterproof because the adhesive of the seam sealing tape is not able to encapsulates 
each yarn of the fabric in a waterproof manner. 

Another technique to form a waterproof seam is the welding of at least two synthetic 
25 materials together. Welded seams are known in the prior art. One type of a welded 
seam is disclosed in me WO 99/16620 Al and shown in figure 1 . The method in WO 
99/16620 involves overlapping the fabric pieces and bonding them together by use of 
heat and pressure. Such welded seams are disadvantageous because the cut edge of at 
least one of the fabric pieces is always visible on the outside of the construction such 
as a garment, which is undesirable for aesthetic and fashionable reasons. Also 
undesirable is- the visible welded track on the outside. A further problem is the 
fraying of the fabric edges themselves. Finally the junction of seams causes an 
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accumulation of even more than two layers which are difficult to seal with fixed 
process settings. Very often it results in burnt or leaking seam junctions. 

US 4,938,817 describes a bonded seam construction of spunbonded polyolefin 
5 synthetic fabrics for cleanroom garments. Such a seam is shown in figure 2. The 
seams produced according to the teaching of mis patent are relatively stiff and 
therefore uncomfortable to the wearer. Furthermore the welded track is visible on the 
outside what is undesirable for aesthetic and fashionable reasons. A further problem 
is that in seam junctions the number of fabric layers forming the seam is increasing 
10 and makes the junction stiff and very uncomfortable for the wearer. 

Other prior art is known in which the edges of waterproof water-vapor permeable 
laminates are bonded together using a method describes in accordance with WO 
02/24015 Al and with figure 3. The seam is formed by bonding surfaces of 

15 polyurethane membranes to each other by melting them. Such seams are undesirable 
for fashionable garments because the polyurethane membrane layer is forming the 
outside of the laminate and therefore the outside of a garment. A further problem is 
the poor seam strength because the peel forces are directed to the seam orientation 
along the seam-line. Also in seam junctions there is a layering or an accumulation of 

20 laininate layers which results in thick and stiff seam junctions. Such multi-layered 
seam junctions are often not waterproof. Furthermore, the edge areas around the 
seam can fray. 

There is therefore a need for a waterproof, durable and flexible waterproof seam, that 
25 is not visible on the outside of a construction e.g. a garment, and is thin and 

comfortable, and suitable for tough end uses and close fitting applications, whilst still 

being aesthetically pleasing and without having frayed edges. 

It is therefore an object of the present invention to improve the comfort of the seams 

in garments made of waterproof textile laminates. 
30 It is furthermore an object of this invention to reduce the width of the seams in 

garments made of waterproof textile laminates. 
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It is therefore an object of this invention to produce long-lasting, durable seams in 
garments made of waterproof textile laminates. 

It is furthermore an object of the invention to provide seams which are both strong 
and flexible. 

5 It is furthermore an object of the invention to provide seams which are strong in the 
transverse (cross-seam) directions. 

A further object of the invention is to provide a textile laminate in which waterproof 
seams can be formed from the native textile material of the laminate. 
It is furthermore an object of the invention to provide a waterproof seam between the 
10 edges of at least two waterproof and water vapor permeable textile laminates with a 
textile layer outside. 

Another object of the invention is to provide a seam which is not visible on the 
outside of a construction made of waterproof textile laminates. 
A further object of the invention is to provide seam junctions without layering of the 
15 involved textile laminate layers. 

Another object of Ihe invention is to provide a seam, wherein the edges of the seam 
are largely protected from fraying. 
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These and other objects of the invention are solved by providing a waterproof welded 
seam formed in an edge area between at least two textile laminates wherein the edges 
of the laminates are oriented in a substantially edge-to edge butted orientation to each 
other. 

The present invention involves the use of textile laminates which contain bi- 
component materials. Such bi-component materials comprise a first thermoplastic 
component which melts at a higher temperature and a second thermoplastic 
component which melts at a lower temperature. Bi-component materials are 
described in patent publications W099/1 66 16 and WO99/16620 (W.L.Gore & 
Associates Inc.). 

Thus, the present invention provides a waterproof welded seam formed in an edge 
area of a combination of at least a first laminate having a first edge and a second 
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laminate having a second edge; each of the laminates comprising a waterproof 
functional layer and at least one textile layer laminated to said functional layer and 
said textile layer comprising at least a first component and a second component, the 
first component being stable to a first temperature and the second component melting 
at a second temperature, wherein the first temperature is higher than the second 
temperature, and wherein the seam is formed by the melted second component and 
the non-melted first component of the textile layer of each laminate, and the first 
edge is oriented to the second edge in a substantially edge-to-edge butted orientation. 

The invention also relates to a method of joining at least two pieces of waterproof 
laminate by forming a welded seam, said method comprising 

a) providing at least two waterproof laminates, each of said laminates 
comprising at least a waterproof functional layer laminated to a textile layer, said 
textile layer comprising at least a first component and a second component, the first 
component being stable to a first temperature and the second component melting at a 
second temperature, wherein the first temperature is higher than the second 
temperature, and each of said laminates having at least one edge; 

b) placing the at least two laminates together so that the textile layers 
contact one another and at least one of the edges of one laminate is aligned with at 
least one of the edges of at least one other laminate to form an edge area; 

c) welding and pressing said edge area together at using a temperature 
within the melting range of the second component and below the first temperature 
such that the second component melts and forms a seam between the pieces; 

d) cutting the seam allowance; and 

e) welding and pressing the seam together to reorient the aligned edges 
of the laminates in an edge-to-edge butted orientation. 

Preferably step c) and step d) proceed simultaneously. 

In one embodiment step c) and step e) proceed at the same temperature. In another 
embodiment the temperature at which step c) is carried out is different to the 
temperature at which step e) is carried out. In one embodiment the welding steps are 
carried out using ultrasonic energy to heat up the second component. Preferably the 
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welding and pressing steps are continuous prosesses using a horn and a rotary anvil. 
This leads to a constant distribution of the temperature and the pressure in the edge 
area and therefore leads to a constant welded seam. 

A welded seam between at least two pieces of waterproof laminate is obtaining by 
the method according to claim 1. 

The invention relates to waterproof constructions like garments, bivouac bags, 
shelters (including tents) etc., having such welded seams and also relates to methods 
of seam sealing. 

The invention also relates to an article comprising a plurality of pieces of waterproof 
laminate and having at least one welded seam between at least two of said pieces 
produced by the method of claim 1 . 
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According to the present invention it has now been surprisingly discovered that the 
orientation of a welded seam in an edge-to-edge butted orientation results in a flat 
and flexible seam between the laminate edges. Preferably the seam is still 
waterproof. The inventive seam improves the comfort of a garment because the seam 
thickness is not greater than the laminate thickness. The edge-to-edge butted 
orientation of the welded seam is also preventing a layering of the involved laminate 
pieces in seam junctions and therefore each seam junction is softer and thinner than 
in the past. This results in a substantial unit thickness of the inventive welded seams 
and the welded seam junctions. This leads to a reduction in manufacturing 
complexity of the seams because the welding parameters of the welding equipment 
are equal for the seams and for the seam junctions. 



Both the first and the second component of the second textile layer participate in the 
welded inventive seam. The second component melts and provides sealant material 
for joining the laminate edges together. Furthermore the melted second component 
encapsulates the first component and the functional layer whilst the first component 
30 and the functional layer remain stable. Therefore the second component provides the 
waterproof barrier and the first component provides structure and strength to the 
edge-to-edge butted seam. 
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The welding and pressing steps leads to a re-orientation of the laminate edges of the 
welded seam to an edge-to-edge butted orientation. This leads to a reduction in seam 
bulk thus reducing the stiffness of the seam and increasing the comfort to the wearer. 
The welding and pressing steps further leads to that the welded seam and the 
laminate edges are not visible on the outside of the combination, therefore allowing 
the combination to be made in an aesthetically pleasing manner. Furthermore the 
edges are encased by the melted second component, thus being largely protected 
from fraying. 

The inventive welded seams are strong and flexible as demonstrated by the Instron 
tests below. The reorientation of the edges in an edge-to-edge butted orientation 
leads to a strong structure within the seam, because the peel-stress is spread out over 
the whole cross-section of the seam. 

The second component of the second textile layer of the laminate is a material with a 
low melting temperature and preferably melts at a second temperature in the range 
160°C to 230°C. The first component is a material which is stable, i.e. does not melt 
or otherwise disintegrate, to a high temperature. Preferably the first component is 
stable to a first temperature of at least 180°C. i.e. does not melt at a temperature 
below 180°C. For a reliable seam to be formed, the difference between the first 
temperature and the second temperature is preferably at least 20»C. Therefore the 
first and the second component have to be chosen in dependence of their individual 
melting points so that the melting point of the first component is always higher then 
the melting point of the second component. 

The first component is generally selected from the group of polymers comprising 
cellulose; protein fibers including wool and silk; high melting point polyolefins, 
polyester, co-polyester, polyamide or co-polyamide. Preferably, the first component 
is a polyamide such as polyamide 6.6 (nylon). 

The second component in the second layer is a thermoplastic material which is 
selected from the group of low melting thermoplastics comprising co-polyester, 
polyamide, co-polyamide and polyolefins such as polypropylene. In a preferred 
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embodiment, the second component is a polyolefin, such as polypropylene. 
Preferably, the second compound is a polyamide such as polyamide 6. 
A particularly preferred embodiment of the invention employs polyamide 6,6 as the 
first component (melting point around 255°C) and polypropylene (melting point 
around 160°C) as the second component. 

The second textile layer (generally the outer layer) is composed of a plurality of 
yarns in the form of strands, filaments, threads or fibers. Furthermore, the second 
layer is a knitted, woven or non-woven textile layer. 

The yarn in the second textile layer is in one embodiment a composite fiber 
comprising the first component and the second component. A composite fiber having 
two components is sometimes termed a "bi-component" fiber. Suitable bi-component 
fibers for use in the invention include an eccentric-sheath-core configuration, a 
concentric-sheath-core configuration, wherein the second component forms the 
cover, an "island-in-sea" configuration, a wedge-core configuration, a wedge 
15 configuration or a "side-by-side" configuration. However, in the preferred 
embodiment of the invention, a mixture of co-mingled discrete fibers or filaments is 
used, one fiber being formed of the first component and the other fiber being formed 
of the second component 

If required, more than two components, each having a different melting point, may 
20 be used. 

The first layer (functional layer) of the laminate may be a membrane or a film. It may 
be selected from the group of materials consisting of polyesters, polyamides, 
polyketones, poiysulphones, polycarbonates, fluoropolymers, polyacrylates, co- 
polyether esters, co-polyether amides, polyurethanes, polyvinylchloride, 
polytetrafluoroethylene or polyolefins. Preferably, the first layer is formed from 
expanded polytetrafluoroethylene (ePTFE). Expanded polytetrafluoroethylene is 
known to be very waterproof and highly breathable. The ePTFE may be provided 
with a coating of a hydrophilic polymer in a known manner. Such l amina tes may 
provide a water-vapor transmission rate of greater than 1500g/m 2 /day (particularly 
greater than 3000g/m 2 /day) and a water entry pressure of greater than 0.13 bar. 
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Alternatively, the waterproof water-vapor-permeable layer may be constituted by a 
monolithic sheet of water-vapor-permeable polymer, or by a coating of the polymer 
on a flexible substrate (e.g. a woven or knitted substrate). 

In a preferred embodiment the seams formed between the laminates of the present 
invention are sufficiently waterproof so that they are able to withstand a water entry 
pressure of at least 0.07bar, preferably at least 0.13bar and most preferably at least 
0.2bar according to the Suter test described herein. 

10 Normally, the seams are intended to be resistant to passage of liquid water. However 
by suitable choice of materials and adhesives they may be resistant to passage of 
vapors of chemicals such as NH 3 , HC1, H 2 S, SO, and organic substances. 

The welded seam according to the present invention may be reinforced by at least 
15 one reinforcement. Possible reinforcements are waterproof tapes, threads in a zic-zac 
or double stitch pattern, or waterproof textile laminates. Preferred reinforcements are 
partially meltable threads or thin seam tapes. The partially meltable threads comprise 
at least one component melting at a temperature in the range of from 160°C to 
230°C. The reinforcements may improve the seam strength or the waterproofhess of 
20 the seam. Based on the reduced width of the inventive seam the reinforcements have 
very small dimensions and therefore the seam with reinforcements is still soft and 
flexible. 

The inventive seam has a seam thickness substantially equal to the laminate 
25 thickness. In one embodiment each of the laminates and the welded seam has a 
maximum thickness of 0,3um. In a further embodiment each of the laminates has a 
laminate thickness of 0,9um and the welded seam has a seam thickness of 0,9fmi. 

In another embodiment of the present invention the welded seam is substantially 
30 non-linear and forms curved seams. Curved seams can be produced in a continuous 
welding process and are preferred in fashionable garment designs. 
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Furthermore the welded seam in accordance with the present invention is in form of 
at least one curvature to form a three-dimensional construction. Such curvature-form 
is favorable to form for example the shoulder area of a garment. 
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The invention will now be described in contrast to the prior art and in conjunction 
with the attached drawings wherein: 

Figure 1 shows schematically a conventional welded flat seam which is 
disclosed in the prior art; 

Figure 2 shows schematically an additional type of a conventional welded 
seam according to prior art; 

Figure 3 is showing a conventional welded seam formed by bonding surfaces 
of polyurethane membranes to each other by melting according to prior art; 

Figure 4 is a cross-sectional view of a bi-component laminate used to form a 
seam according to the present invention; 

Figures 5a-5e show schematically the steps in formation of the welded seam 
according to the present invention; 

Figure 6 shows a T-junction between three layers of waterproof laminates 
15 comprising bi-component textile layer; 

Figure 7 is a cross-sectional view of the T-junction according to figure 6; 
Figure 8 is a cross-sectional view of the welded seam according to the 
invention with a reinforcement tape on the inner side of the welded seam; 

Figure 9 is a cross-sectional view of the welded seam according to the present 
invention with a reinforcement in form of a bi-component-thread over the inner side 
of the welded seam; 

Figure 10 shows a first and a second bi-component laminate in a curved pre- 
cutted form to build a curved welded seam; 

Figure 11 shows schematically a curved welded edge-to-edge seam between 
25 bi-component laminates; 

Figure 12 shows the welded seam according to the invention with a curvature; 
Figure 13 shows the curved welded seam according to figure 8 after turning 
the inside out; 

Figure 14 shows a garment comprising edge-to-edge seams and curved edge- 
30 to-edge seams according to the present invention; 

Figure 15 shows a microscopic picture of one embodiment of the welded 
seam according to the present invention; 
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Figure 16 shows a microscopic picture of a second embodiment of the welded 
seam in an un-flattened structure; 

Figure 17 shows a microscopic picture of a second embodiment of the welded 
seam in a flattened structure; 

Detailed description o f the drawing 

The figures 1 to 3 show conventional welded seams as known in the prior art. 
Figure I illustrates a conventional welded seam formed between two layers of a 
waterproof textile laminate 210a, 210b. The edge 220a of a first laminate layer 210a 
is set onto the uppermost edge 220b of a second laminate layer 210b and welded with 
the aid of heat and pressure. The edges 220a, 220b are heated and pressed one above 
the other to weld a bond between the edges. 

A problem with this conventional seam is that the edge line 230 of the second 
laminate layer 210b is visible on the outside of the construction. The welded track 
240 is also visible on the outside. That means aesthetical limitations in a garment. 
Furthermore the edges 220a, 220b provide limited protection from fraying because 
the edges themselves are without any protection. 

Figure 2 shows an alternative type of a conventional welded seam between textile 
laminate layers 210a, 210b. The first laminate layer 210a is stacked over the second 
laminate layer 210b with their edges 220a, 220b in alignment with one another. The 
seam extends along the length of the overlapped edges and forms a strip 250 defining 
a seam line. Formation of this seam may be carried out by application of heat and 
pressure along said strip 250, with heat being applied continuously in the form of 
ultrasonic energy. The strip 250 is folded flat against an adjacent surface of the 
second laminate layer 210b and heat and pressure are applied to the folded strip 250 
and the second larninate layer 210b against which the strip 250 is folded. Such a 
welded seam has the disadvantages that the welded track 240 is visible on the outside 
and that seam thickness is high. Especially in seam junctions there is the problem 
that the number of layers forming the seam will increase. For example in a T- 
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junction five layers of laminate pieces have to be weld together. Furthermore the 
edges 220a, 220b of the laminates have a limited edge fraying protection. 

Figure 3 shows a welded seam formed by bonding surfaces of polyurethane 
membranes 260a, 260b to each other by melting them. One type of such a seam is 
disclosed in WO 02/24015. The seam is a transverse welded join between the two 
edge portions of two pieces 260a, 260b of a laminate comprising at least one layer 
made of polyurethane. 

Each laminate 260a, 260b comprises a base fabric 262 which comprises a support 
made of two types of yarn and a closed-loop pile formed by a third type of yarn. To 
the base fabric 262 a coating 270 is laminated consisting of an outer skin layer, an 
inner skin layer and an adhesive. 

The base fabric 262 is elastic, and can be made of at least two types of yarn, one at 
least of which is elastic, the other yam is preferably substantially in-extensible. 
Preferably both yarns are synthetic, such as polyester for a first yarn and an elastic 
resin as polyurethane or nylon for a second, elastic yarn. The yarn for the pile may be 
for instance any natural yarn. 

The coating 270 is destined to form the outside layer of the laminates 260a, 260b and 
is preferably formed of one or more layers of polyurethane resin. The outer skin layer 
is not hydrophilic whilst the inner layer is hydrophilic, or vice versa. The outer layer 
may have a higher melting point than the inner layer, or vice versa, or the melting 
points may be substantially the same. 

The adhesive is preferably formed of a hydrophilic polyurethane resin. 
The skin layers and the adhesive may together have a thickness of about 15 to about 
25 20 microns. 

The laminates 260a, 260b are substantially impermeable to water but permeable to 
water vapor. 

Joints are made between portions 260a, 260b of the laminate by welding, preferably 
by ultrasonic welding. In order to weld, the portions 260a, 260b of the laminate can 
be placed face to face with the respective skins in contact. During the welding at 
least one of the skin layers and the adhesive layer melt and re-set so that the join is 
formed by the skin and the adhesive. If desired also at least one of the yarns of the 
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support melt, and subsequently reset. The pile does not melt In one embodiment 
substantially all of the edge zones 280 are trimmed away, and the welding and 
cutting can be done in one operation. 

A welded seam according to figure 3 has several drawbacks. Such seams are known 
only in connection with polyurethane laminates, especially where polyurethane 
layers can be used to melt for a seam. But laminates and seams with a polyurethane 
layer outside are not usable in cases where a textile layer on the outside is needed as 
in fashionable apparel. 

Furthermore a fraying of the seam is possible because at least the non-thermoplastic 
pile is not melted and can fray out. In case that only the skin and the adhesive is 
melted, the risk of fraying is increased. 

Furthermore the seam strength of such a seam is very poor because the peel stress is 
directed in the same direction as the orientation of the laminate edges within the 
seam. Therefore all forces are concentrated on the peel stress line 290. 
To obtain a strong joint high weights of the base fabric 262 are necessary, leading to 
heavy laminates and reduced breathability. 

Furthermore in a seam junction there is a layering or an accumulation of laminate 
layers which results in thick and stiff seam junctions. 

Such accumulations lead to burned spots as long an ultrasonic technology with 
constant gap and amplitude is applied. 

In another embodiment of WO 02^4015 hydrophUic polyurethane can be used for 
both the skin layer and the adhesive layer in order to make the laminates 260a, 260b 
permeable to water vapor as well as being impermeable to water. But a hydrophilic 
polyurethane on the outside will absorb liquids in any form and swell up. That leads 
to a significant decrease of the wet strength of the laminate and the joint. 

Figure 4 shows a thermoplastic bi-component material of the type described in patent 
publications W099/16616 and WO99/16620. The waterproof bi-component laminate 
1 comprises a knitted or woven textile layer 30 comprising one or more bi- 
component yarns laminated thereto a waterproof functional layer 50, which 
comprises a waterproof, water-vapor permeable membrane. In one embodiment the 
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functional layer 50 is composed of a porous polymeric layer 10 and a water-vapor- 
permeable polymer layer 20 formed of a hydrophilic polymer. On the other side of 
the functional layer 50 may be laminated thereto a fabric layer 40. The fabric layer 
contains preferably a bi-component textile layer to improve the seam strength and the 
wateiproofness of the inventive welded seam. 

The porous polymeric layer 10 may be a microporous polymer membrane having a 
microscopic structure of open interconnecting microvoids. It exhibits air 
permeability and as such imparts, or does not impair water-vapor-permeabUity. The 
microporous membrane used is typically of a thickness 5 microns to 125 microns 
most preferably of the order 5 microns to 25 microns. The microporous membrane 
may be formed of plastic or elastomeric polymers. Examples of suitable polymers 
include polyesters, polyamides, polyolefins, polyketones, polysulphones, 
polycarbonates, fluoropolymers, polyacrylates, polyurethanes, copolyether esters, 
copolyether amides and the like. 

The preferred microporous polymer membrane material is expanded microporous 
polytetrafluoroethylene (ePTFE). This material is characterised by a multiplicity of 
open interconnecting microscopic voids, high void volume, high strength, softness, 
flexibility, stable chemical properties, high water-vapor transfer and a surface thai 
exhibits good contamination control characteristics. US Patents US-A-3,953,566 and 
US-A-4,187,390 describe the preparation of such microporous expanded 
polytetrafluoroethylene membranes. 
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The continuous water-vapor-permeable polymer layer 20 is generally a hydrophilic 
polymer. The hydrophilic layer selectively transports water by diffusion but does not 
support pressure-driven liquid or air flow. Therefore, moisture, i.e. water-vapor, is 
transported but the continuous layer of the polymer precludes the passage of air- 
borne particles, micro-organisms, oils or other contaminants. This characteristic 
equips the textile material and articles made from it (such as garments, socks, gloves, 
shoes etc.) with good contamination control characteristics by functioning as a 
barrier to contaminants. Furthermore, the water-vapor transmitting characteristics of 
the material provide comfort for the wearer. 
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The continuous water-vapor-permeable polymer layer 20 is typically of a thickness 
between 5 microns and 50 microns, preferably between about 10 microns and 25 
microns. This thickness has been found to be a good practical balance to yield 
satisfactory durability, continuity and rate of water-vapor transmission. Although not 
limited thereto, the continuous water-vapor-permeable polymers of the layer 20 are 
preferably those of the polyurethane family, the silicone family, the co-polyether 
ester family or the co-polyether ester amide family. Suitable co-polyether ester 
hydrophilic compositions may be found in US-A-4,493,870 (Vrouenraets) and US- 
A-4,725,481 (Ostapachenko). Suitable hydrophilic compositions are described in 
US-A-4,2340838 (Foy et al). Suitable polyurethanes may be found in US-A- 
4,194,041 (Gore). A preferred class of continuous water-vapour-penneable polymers 
of polyurethanes, especially those containing oxyethylene units are described in US- 
A-4,532,316 (Henn). Typically these materials comprise a composition having a 
high concentration of oxyethylene units to impart hydrophilicity to the polymer. The 
concentration of oxyethylene units is typically greater than 45% by weight of the 
base polymer, preferably greater than 60%, much preferably greater than 70%. 
The functional layer 50 can be prepared according to the teachings of US-A- 
5,026,591 (Henn etal). 

The laminate 1 of the current invention is preferably provided with a fabric backer 
layer 40. The backer layer 40 may be either woven, non-woven or knitted and may 
be made from a variety of materials such as polyester, polyamide (nylon), 
polyolefins and the like. In one embodiment the backer layer 40 may be a bi- 
component textile layer such as the bi-component textile layer 30 described in detail 
herein. The backer fabric 40 may be laminated to one side of the functional layer 50 
by standard lamination processes. In particular, a dot pattern of liquid heat-curing 
adhesive may be applied onto one side of the functional layer 50 by a gravure roll. 
Lamination then occurs by passing the materials between the pressure rollers and 
curing. 
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The textile layer 30 is usually a woven or knitted textile layer made from yarns, 
composed of strands, filaments, threads, fibers having at least two components or 
fiber blends. 

The first component is a material which is stable to a first temperature, i.e. does not 
melt or otherwise disintegrate. The first component is stable to a first temperature of 
at least 180°C. i.e. does not melt at a temperature below 180°C. In one embodiment 
the first component is a material which is stable up to a high temperature e.g. around 
260°C. In another embodiment the first component is not meltable but will 
disintegrate at a certain temperature (like Kevlar-material). The second component is 
made of a material which melts at a low melting second temperature. In one 
embodiment the second component is a material with a lower melting temperature in 
the range 160°C to 230°C. The first temperature has to be higher than the second 
temperature. 



15 The at least two components in the knitted or woven bi-component textile layer 30 
may be made up of two different co-mingled types of strands, filaments, threads or 
fibers. Alternatively, a bi-component yarn is used. The bi-component yarn may have 
either a core-shealli structure, an "islands-in-the-sea" structure or a "side-by-side" 
structure. Table 1 of W099/16616 shows possible commercial bi-component yarns 

20 which may be used in the present invention. 

According to one embodiment of the invention the second component in the bi- 
component layer is a thermoplastic which is selected from the group of low melting 
thermoplastics comprising co-polyester, polyamide, co-polyamide or polyolefin. In 
the preferred embodiment of the invention the second component is a polypropylene 

25 or a polyamide 6.0. 

The first component is selected from the group of polymers comprising cellulose, 
protein fibers including wool and silk, high melting polyolefins including 
polypropylene and polyethylene, polyester, co-polyester, polyamide or co- 
polyamide. Preferably the first component is polyamide 6.6. 
30 Basically the two components have to be chosen in a way that the first component 
has always a higher melting point than the second component. Preferably the 
difference between the first temperature and the second temperature is at least 20°C. 
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In a preferred embodiment of the invention, the two components of the knitted or 
woven textile layer 30 are either polypropylene and polyamide; polypropylene and 
polyethylene; or different grades of polyamide (eg. polyamide 6 and polyamide 6.6). 

A particularly preferred embodiment comprises a yarn which is a 60:40 blend of 78 
dtex polypropylene multi-filaments and 44 dtex polyamide multi-filaments (i e 
78f25/44fl3). 

The textile layer 30 may have two thermoplastic components. However, three or 
more thermoplastic components may be included if desired for particular purposes. 
A bi-component or multi-component yam for use in forming the layer 30 may be 
made by a variety of prior art techniques. For example, a number of filaments of the 
different components of the textile layer 30 can be mixed together to form a yarn of a 
given metric number (Nm) or dtex. The metric number (Nm) of a yarn is given by 
the following formula Nm = 10,000/dtex. Typically the metric number is from 70 to 
90. Thus, a 25 filament yam of 84 decitex totally is designated herein as (84f25). The 
multi-component yarns can be knitted or woven together using known techniques. 
The bi-component textile layer 30 is laminated onto one side of the functional layer 
50 by a lamination process similar to that described above with respect to the fabric 
backer layer 40. Care must be taken during the lamination process that the low 
melting (or high melting) component does not melt significantly during the 
lamination process. 

A propellant may be included in the bi-component layer 30, as described in 
W099/16616. 



25 The seam according to the present invention is formed in the manner described in 
conjunction with Figures 5a) to 5e). Figure 5e) shows the inventive seam 80 joining 
together a first bi-component laminate la and a second bi-component laminate lb at 
their edges. It is to be understood that the seam 80 can generally be produced out 
using conventional welding machines. The seam 80 is formed by pieces of laminate 

30 la, lb of the type shown in Figure 4 and described above. However, the use of the 
bi-component laminate material 1 as shown in Figure 4 results in a welded flat seam 
80 with a substantially edge-to-edge butted orientation of the laminate edges. 
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Thus, the seam is formed between adjacent pieces of laminate la, lb as shown in 
Figure 5a). Each laminate contains fabric backer layer 40, waterproof breathable 
functional layer 50 (formed of porous polymeric layer 10 and hydrophilic water- 
5 vapor-permeable polymer layer 20), and bi-component textile face layer 30 which is 
a woven or knitted textile material. The textile material may be bulky since the use of 
the bi-component yarns provides good seam sealing. Face layer means that the bi- 
component textile layer 30 forms the face fabric and is destined to form the outside 
layer of the laminate la, lb, i.e. it is on the outside of the construction such as a 
10 garment, facing away from the wearer. The inside of the laminate la,lb is formed by 
the backer layer 40. The first laminate la has a first edge 60a and the second 
laminate lb has a second edge 60b. 

The first laminate la and the second laminate lb are placed face to face with the 
15 respective bi-component layers 30 and the edges 60a, 60b (edge on edge) in contact. 
The first edge 60a and the second edge 60b forming an edge area 65. 

The two laminates la, lb have to be joined or fused together to form a pre- seam 70 
in the edge area 65 as illustrated in Figure 5b). The pre-seam 70 is produced if the bi- 

20 component textile layers 30 in the edge area 65 are supplied with enough energy to 
reach a temperature higher than the second temperature of the second component but 
lower than the first temperature of the first component. The second component melts 
and provides sealant material (adhesive) for joining the first laminate la to the 
second laminate lb at said pre-seam 70. Both the first and the second component 

25 participate in the structural joint. The second component encapsulates the first 
component whilst the first component remains stable. The second component 
provides the waterproof barrier and the first component provides structure and 
strength to the seam. 

In case the backer layer 40 is chosen as a bi-component textile layer, in the edge area 
30 65 the second component of layer 40 will also melt whilst the first component of 
layer 40 remains stable. Such combination of bi-component layers 30, 40 results in a 
high strength of the pre-seam 70. 
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A method of adding energy to the bi-component textile layers 30 to form the pre- 
seam 70 is to use ultrasonic welding techniques to heat up the second components. 
Other welding techniques are also usable like contact welding or impulse welding. 
An inventive preferable method of bonding bi-component layers is through the use of 
5 ultrasonic energy for example with a Sonotrode. Heat can be generated locally at the 
edge area by applying ultrasonic energy through an ultrasonic horn and anvil system. 
Preferably, it may be accomplished in a continuous process using a horn and a rotary 
anvil. The horn vibrates up and down at an pre-defined selected frequency and with 
adjustable amplitude. The edge area 65 of the laminate la, lb can pass between the 
10 tip of the anvil and the horn and welded together. The distance between the anvil and 
the horn is 0.1mm-0.5mm. The speed of the Sonotrode is controlled to obtain 
suitable welding. The slower the speed, the hotter the welding. 
In one embodiment the pre-seam 70 is made using a combined ultrasonic welding 
and cutting machine. The cutting step is carried out during or after the welding step 
and removes the seam allowance formed during the welding step. In that case the 
distance between the anvil and the horn is zero. 

An ultrasonic machine 90 (for example Pfaff 8310 using a Sonotronic Sonotrode) 
can be used to weld and cut the pre-seam 70 in one step. 

20 The energy input of the ultrasonic machine 90 is chosen to be greater than that of the 
melting temperature of the second low melting temperature component but to be 
below the high melting temperature of the first component of the bi-component 
textile layers 30. Typically the welding process is at a temperature of between 150°C 
and 240°C. Under these conditions, the low melting temperature components in the 

25 bi-component textile layers 30 melt and, due to the pressure exerted on the laminates 
la and lb by the welding die, the bi-component textile layers 30 fuse together. The 
low melting component fills the gaps in the bi-component textile layer 30 between 
the structure formed by the fibers having a higher melting temperature. The higher 
melting temperature fibers serve therefore two functions. Firstly they provide 

30 mechanical strength to the seam. Secondly they act as a "gap-keeper" or spacer to 
ensure that the lower melting temperature fibers in the molten state to not seep out of 
the pre-seam 70. 
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During the welding process the seam allowance is cut away therefore the seam edge 
is without a seam allowance. Along the cutting line a higher temperature might occur 
and melt all components. 

After the welding and cutting process the two laminates la, lb are opened up as is 
illustrated in Figure 5c). The two laminates la, lb substantially lie in one plane and 
are connected to each other via the pre-seam 70. The layers forming the seam in the 
edge area are in a substantial transverse direction. The pre-seam edge 75 is formed 
like a peak between the laminates la, lb. 



Figure 5d) shows a further step in making the inventive seam 80. An additional 
welding process is applied to the pre-seam 70 to flatten the seam. The additional 
treatment is made by means of a hot tool or ultrasonic machine. In one embodiment 
the welding machine 90 without the cutting device is heats and presses down on the 
welded pre-seam 70. The additional welding may be done on one side of the seam or 
on both sides of the seam and causes a re-melting of the already melted material of 
the second component. The pressure causes a new orientation of the transverse 
oriented layers within the pre-seam 70 to a substantial straight direction. The first 
edge 60a and the second edge 60b of the laminates la, lb reorient in an edge-to-edge 
20 butted orientation. Therefore the peak-like seam edge 75 will be formed to a flat 
seam line. 



25 



30 



Figure 5e) shows the finished inventive seam 80. Because of the additional welding 
step the edge-to-edge butted seam 80 has maximal the same thickness as the laminate 
la or lb itself. The seam thickness is between 0.2um to 0.9um depending on the 
thickness of the laminates. Furthermore the remelting and pressing down of the pre- 
seam 70 in an opposite direction to the first welding process leads to a reorientation 
of the layers, especially the edges, within the seam. Especially the functional layer 50 
is oriented in a more or less straight direction. The ends of the edges of at least the 
functional layer 50 are embedded completely in the melted material of the second 
component. The bi-component textile layer 30 and the backer fabric layer 40 are in a 
substantially horizontal and straight direction. This leads to a pull stress over the 
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whole cross section of the seam 80 instead of a peel stress along the seam line 290 of 
conventional seams according to figure 3. The seam 80 has a high seam strength 
especially in the case using two bi-component layers 30, 40. Surprisingly the 
inventive seam is very durable and after several washing processes the seam is still 
5 closed and no open areas could be found. 

The seam 80 is waterproof and a fraying of the laminate edges is durably prevented. 
The width of the seam 80 formed is between 0,2mm and 1,5mm depending on 
laminate thickness and process data. The seam 80 is soft and very thin. A further 
advantage is that at seam junctions layers are not accumulated. 

10 

Figure 6 shows a top view of one embodiment of the present invention. The figure 
shows the combination of three pieces of the bi-component laminate la, lb joining 
together at their edges via a welded seam in the inventive edge-to-edge butted 
orientation. Each bi-component laminate piece may have a bi-component textile 
15 layer with a different color. The three pieces la, lb, 2 are joined together according 
to the method as described in Figure 5 forming a T-junction. 

In a first step the first bi-component laminate la and the second bi-component 
laminate lb are joined together at a first welded edge-to-edge seam 82. Afterwards, 
in a second step said combination of first and second laminate la, lb are welded to 
20 the third bi-component laminate 2 at a welded edge-to-edge seam 84 according to the 
present invention. 



Figure 7 is an enlarged perspective cross-sectional view (line VII- VII) through the 
seam junction A in Figure 6. The cross-section runs along the welded seam 82, 

25 through the welded seam 84 and the third bi-component laminate 2. Surprisingly it 
was found that there is no layering of the combination of the first and the second 
laminate and the third laminate 2, nor of the laminate pieces in the junction of seam 
82 and seam 84. On the contrary the edges of the first, the second and the third 
laminate are oriented in a substantially edge-to-edge butted orientation. Therefore all 

30 three laminates and the seams between them are in the same plane. In particular the 
thickness of the seam junction A is substantially the same as of seam 82 or seam 84. 
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There is no layering of the laminates at seam junctions. The laminates are joined by a 
butt-like seam. Therefore, the seam at a seam junction is not substantially thicker 
than the laminate. The joint at the seam junctions is waterproof and tearproof. 

The seam strength may be improved using reinforcements applied to the welded 
seam. The reinforcements may improve the waterproomess of the seam and/or 
improve the seam strength. 

Preferably the reinforcement is applied to the fabric layer side or on the inner side of 
the bi-component laminate 1 in an article. Possible reinforcements are textile tapes, 
waterproof tapes, threads or waterproof textile laminates. In one embodiment of the 
present invention the reinforcement is in the form of a seam tape 105 as disclosed in 
figure 8. The seam tape 105 may be secured on either side of the seam 80 itself. For 
aesthetic reasons, the seam tape 105 is usually applied to the interior of a garment, so 
that it is hidden from view. Therefore the seam tape 105 is preferably secured to the 
15 fabric layer 40. 

The seam tape may be a weldable adhesive tape, a weldable textile tape or a 
weldable laminate tape. Basically a weldable tape comprises at least one 
thermoplastic component which is meltable at a temperature in the range 80°C to 
230°C. 

In another embodiment the seam tape 105 may be a thermoplastic film which softens 
and flows when heated. More usually the seam tape 105 comprises a backing tape 
having a covering of hot-melt adhesive on one side. After the welded seam 80 has 
been produced according to the present invention, the seam tape 105 is heated, for 
example using a blast of hot air so as to melt the adhesive. The tape 105 is then 
applied over the seam 80 and both are passed through the nip of a pair of pressure 
rollers in order to squeeze the molten adhesive into the fabric 40 so as to ensure good 
bonding of the tape to the underlying fabric. Generally, the seam-seal adhesive melts 
at a temperature above the melting temperature of the second component of the bi- 
component textile layer 30. This enables the usual seam sealing conditions to be 
maintained. Preferably, the seam-seal adhesive melts at a temperature 10 to 20°C 
lower than that of the second component. However, these conditions depend to an 
extent on rates of heat flow and speed of seam-sealing. 
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In a further embodiment of the invention the seam tape is applied to the seam during 
the flattening process as explained to figure 5d). In one example the ultrasonic 
welding machine has two plates and a distance between the plates. The pre-seam 70 
and the seam tape on the pre-seam are transported continuously through the distance 
and joined together. At the same time the pre-seam is flatten to an edge-to-edge 
butted orientation. 

Surprisingly, the invention also allows the use of very thin (narrow) seam tapes 
because of the thin welded seam itself and the fact that there is no real seam 
allowance. Preferably the seam tape has a width of not more than 8-10mm. 

Another example of a reinforcement is showed in figure 9. The welded seam 80 is 
reinforced using a thread 110. In one embodiment the thread is made of bi- 
component material as described above. In another embodiment the thread is a 
monofil yarn. The thread 1 10 may be stitched zic-zac like over the welded seam 80 
preferably to the fabric layer 40. After the sewing step, the fabric is heated in the 
seam area to at least the melting temperature of the second component of the bi- 
component textile layer 30 and, if used, of the second component of the bi- 
component thread. However, the temperature to which the seam area is heated should 
be below the melting temperature of the first component. The heating step may be an 
additional welding step of the flatted seam 80 or may be done with the flatten step of 
the pre-seam 70 as described to figure 5d). The molten second component seals the 
stitching holes in the laminate 1 to keep the seam waterproof. 

Figure 10 is showing two laminates la, lb which have pre-shaped edges 60a, 60b. 
25 The edges 60a, 60b are in a curved form wherein the first edge 60a fits exactly to the 
second edge 60b. 

The combination of the first edge 60a and the second edge 60b is showing in figure 
11. The first laminate la and the second laminate lb joined together at a welded 
seam 80 according to the present invention. The continuous welding step to flatten 
30 the seam results in a two-dimensional non-linear sealing line. 
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A further embodiment of the present invention is disclosed in Figure 12. The first bi- 
component laminate la and the second bi-component laminate lb are in the same 
arrangement as in Figure 5b), the only difference being that the welding machine has 
created a curved seam line or a non-linear seam instead of a straight seam line as in 
5 Figure 5b). 

The result of such a curved or non-linear seam line is showing in Figure 13, where 
the pre-seam 70 is flattened into a welded seam 80 with a three-dimensional 
curvature. Based on the curvature of the welded seam 80 the final combination 
comprises a three-dimensional structure. Such three-dimensional structure are helpful 
10 for the manufacture of body-shaped garments, for shoulder constructions and pre- 
shaped hoods. 



Figure 14 shows a garment 120 made of a plurality of pieces of waterproof laminate. 
The pieces may have different colors and/or non-linear forms and edges. The pieces 
joined together by at least one welded seam 80 produced by the method according of 
the present invention. Especially in the area of the hood 130 there are produced 
three-dimensional curved welded seams 88. In the area of the body and of the arms 
there are produced two-dimensional welded seams 86. 



20 Examples 

Example 1 flvlicroseam raw) 

A seam was formed between two pieces of three layer bi-component laminate. The 
laminate comprised a woven bi-component textile layer 30 laminated to a waterproof 
functional layer 50 formed from expanded polytetrafluoroethylene coated with a 

25 hydrophilic polymer, and a knitted bi-component textile backer layer 40 laminated to 
the opposite side of the functional layer 50. The woven bi-component layer 
comprised a first component (polyamide 6.6, melting point: 255°C) and a second 
component (polyamide 6, melting point: 225°C). The first and the second component 
were in form of texturized and intermingled filaments. The bi-component textile 

30 layer 30 had a textile weight of 55g/m 2 . The knitted bi-component backer layer 40 
had a textile weight of 80g/m a and is also made of polyamide 6.6 as first component 
and polyamide 6 as second component. The laminate had a thickness of 0.3mm. The 
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first and the second laminate la, lb were first placed face to face with the respective 
bi-component woven layers 30 in contact. A pre-seam 70 was formed using an 
ultrasonic welding machine of the type Pfaff 8310 (company Pfaff, Germany) with 
16um amplitude, 35kHz and a velocity of 0.7m/min. The anvil wheel has an angle of 
90 degrees and a gap of 0mm. The temperature is around 240°C. The seam 
allowance was cut during the welding process through the non existing gap. The pre- 
seam 70 was secondly flattened to become microseam 80 using the same welding 
machine (Pfaff 8310) and the same settings but with a flat anvil wheel (angle 180 
degrees) and with a gap of 0. 13mm. 

Figure 15 shows an electron micrograph of a cross section of the welded and 
flattened seam 80. All layers of the bi-component laminate la ,1b are substantially in 
a straight sfructure and the functional layer 5 is embedded in the melted material of 
the seam 80. The seam 80 has a width of 0.2mm and a thickness of 0.3mm. The 
numbers for waterproofiiess and seamstrength can be seen in Table 1 below. 

Example 2 (Microseam raw) 

A seam was formed between two pieces la, lb of a three layer laminate. The 
laminate comprised a knitted bi-component textile layer 30 with a textile weight of 
2S0g/m*. The layer 30 was laminated to a functional layer 50 formed from expanded 
polytetrafluoroethylene coated with a hydrophilic polymer. The laminate 1 further 
comprised a knitted bi-component textile backer layer 40 with a textile weight of 
1 1 0g/m>, laminated to the opposite side of the functional layer 50. The bi-component 
layer 30, 40 comprised a first component (polyamide 6.6, melting point 255°C) and a 
second component (polyamide 6.0, melding point 225°C). The first and the second 
components were in form of texturized and intermingled filament yarns. The 
laminate 1 had a thickness of O.Smm. The seam 80 was produced in accordance with 
Example 1 with the exception that for the flattening step the welding machine has a 
gap of 0.5mm. 



30 Figure 16 is an electron micrograph of a cross-section of the un-flattened pre-seam 
70 after the weld and cut step according to Figure 5b). This results in a pre-seam 70 
with a peak-like structure 75. 
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Figure 17 shows an electron micrograph of a cross-section of the same seam as in 
Figure 16 but after an additional welding and pressing step to flatten the pre-seam 
Therefore the seam 80 is flattened and the edges of each laminate la, lb are re- 
orientated in an edge-to-edge butted orientation. The seam 80 has a width of 0 6mm 
5 and a thickness of 0.8mm. The numbers for waterproofhess and seamstrength are 
shown in Table 1 below. The figure shows that the seam is not visible on the outside 
of the construction made of the laminates, therefore allowing the construction to be 
made in an aesthetically pleasing manner. It is further shows that the edge areas of 
the seam are also not visible on the outside of the construction and that the edges are 
10 encased by the melted second component, thus being largely protected from fraying. 

Example 3 

A welded seam was formed between two pieces of a tbxee layer laminate The 
materials and the welding process are the same as in example 1. In addition a 
15 reinforcement in form of a 3 layer bi-component laminate tape is welded on the inner 
side of the seam using ultrasonic energy. The tape has a width of 6mm and covers 
completely the seam and adjacent areas of the backer layer 40. 

Example 4 

20 A welded seam was formed between two pieces of a three layer laminate The 
materials and the welding process are the same as in example 1. In addition a 
reinforcement in form of a bi-component thread was stitched over the seam in zig- 
zag form. Afterwards the seam with thread was heated and the molten second 
component of the bi-component layers and of the thread sealed the stitched holes in 

25 the laminate. 



30 



Example 5 

A welded seam was formed between two pieces of a three layer laminate. The 
materials and the welding process are the same as in example 1. In addition a 
reinforcement in form of a bi-component thread was stitched over the seam in form 
of a two needle coverstitch. Afterwards the seam with the thread was heated and the 
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molten second component of the bi-component layers and of the thread sealed the 
stitched holes in the laminate. 

Example 6 

A welded seam was formed between two pieces of a three layer laminate. The 
materials and the welding process are the same as in example 1. In addition a 
reinforcement in form of a knit band was attached by welding on the inner side of the 
seam using ultrasonic energy. The tape has a width of 7mm and covered completely 
the seam and adjacent areas of the backer layer 40. 



Example 7 

A welded seam was formed between two pieces of a three layer laminate. The 
materials and the welding process are the same as in example 1 except that the bi- 
component materials for the textile layer 30 and the backer layer 40 are in form of 
15 fleece with a higher textile weight. Therefore the laminate has a higher weight of 
382g/m 2 . 

Example 8 

A welded seam was formed between two pieces of a three layer laminate The 
20 welding process is the same as in example 1. The bi-component materials for the 
textile layer 30 and the backer layer 40 are in form of fleece and made of polyester. 
The first component is polyethylene terephthalate (PET, melting point 255°C) and 
the second component is polybuthylene therephthalate (PBT, melting point 225°C) 
The fleece layers 30,40 have a higher textile weight as in example 7 and therefore the 
25 laminate has a higher weight of 440g/m 2 . 

Example 9 

A welded seam was formed between two pieces of a three layer laminate. The 
materials and the welding process are the same as in example 1 except that the bi- 
30 component material for the textile layer 30 and the backer layer 40 have a higher 
textile weight as in example 1. Therefore the laminate has a higher weight of 
180g/m 2 . 
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Example 10 

A welded seam was formed between two pieces of a three layer laminate The 
welding process is the same as in example 1. The bi-component materials for the 
textile layer 30 and the backer layer 40 are made of polyester, whereby the bi- 
component material for the fabric backer layer 40 is in form of a brushed knit 
backing material. The first component is polyethylene terephthalate (PET, melting 
point 255°C) and the second component is polybuthylene therephthalate (PBT, 
melting point 225°C) The laminate has a high weight of 430g/m*. 



Table 1 shows the results of measurements made on the laminates and on the welded 
seams formed between said laminates. 

Table 1 gives an overview about the textile weight and the thickness of each used 
laminate in the examples, and the seam strength of each welded seam. The Suter-Test 
shows if the welded seams are waterproof (passed) or nor (not passed). The 
following abbreviations are used: 
3L = three layer laminate with an ePTFE (expanded polytetrafluoroethylene) 
membrane coated with a hydrophilic polymer as functional layer 
TL = textile layer 30, FL = fabric backer layer 40, PA = polyamide, BiCo = bi- 
20 component textile material 
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Example 

1 . Microseam raw 
3L: TL and FL=PA BiCo 



2. Microseam raw 
3L: TL and FL« PA BiCo FL- brushed 
knit backing 



3. Microseam with reinforcement in form 
of a waterproof laminate tape; 
3L: TL and FL= PA BiCo 

4. Microseam with thread reinforcement 
(zigzag) 

3L: TL and FL= PA BiCo 



5. Microseam with thread reinforcement (2 
needle coverstitch) 
3L: TL and FL= PA BiCo 



6. Microseam with reinforcement in form 
of a knit band 
3L: TL and FL= PA BiCo 

7. Microseam raw ~~ 



Area weight 
laminate in g/m 2 
165 



372 



165 



165 



Thickness of 
laminate in mm 
05 



1.3 



0.5 



0.5 



Seam passed 
Suter Test? 
Passed 



Passed 



Passed 



Passed 



Passed 



Seal strength 
inN 
\52 



288 



218 



230 



255 



296 



382 



3L: TL and FL= PA BiCo fleece 



8. Microseam raw 

3L: TL and FL= polyester BiCo fleece 

9. Microseam raw 



440 



1.7 



1.9 



232 



Passed 



224 



180 



3L: TL and FL= PA BiCo 



0.6 



198 



1 0. Microseam raw " ' 

3L: TL and FL= polyester BiCo, FL= 
brushed knit backing 
Table 1 



430 



Passed 



258 



The column "seam passed suter test?" indicates whether the seam formed was able to 
withstand water at a pressure of O.lSbar for at least 4 minutes. All examples passed 
the suter test and are therefore waterproof. 

The column "seal strength" indicates the seam strength for the welded seam. A value 
of around 200N is considered very good for a textile seam in garments. 
The raw welded seam examples 1, 2 and 6 to 10 (without any reinforcement) show 
improving seam strengths with increasing laminate weights. 
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The use of reinforcements in examples 3 to 5 lead to high values for seam strength 
by using laminates with a relative low weight. 

Definitio ns and Test Procedures 

Functional layer : The term functional layer is used to denote a layer which had the 
properties that it is both waterproof and water-vapor-penneable. Preferably the 
functional layer comprises a waterproof, water-vapor-permeable membrane. 

Laaunate: The term laminate is used to describe the connection of a functional layer 
with at least one textile layer (two-layer laminate). There are also three-layer 
laminates which has an further textile layer adhered to the functional layer opposite 
to the first textile layer. 

Yam: The term yarn in the description is used to describe the continuous strands of 
material which are made into the textile. It includes strands, filaments, fibers and the 
like. 

Outside: The term outside means the side of a combination or article including the 
welded seam according to the present invention that forms the visible outer shell of a 
garment. 



Inside: The term inside means the side of a combination or article including the 
welded seam according to the present invention that forms the inner side of a 
25 garment and is directed to the wearer of said garment. 

Seam: The term seam means the connection (joint) between at least two pieces of 
material. The seam allowance is the part of a seam that can be removed after welding 
by cutting including squeezing. 
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Edge: The term edge means the outside limit or boundary of a laminate. An edge 
area is formed if at least a first edge and a second edge are placed face to face for 
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joining together. The term cut edge is defining the surface of the edge generating by 
cutting. 

Seal Strength Test 

The Seal Strength Test was used according to EN/ISO 13935. To determine the 
strength of a seal, specimens were cut from inflatable modules of the examples in 
triplicate in both the machine and transverse directions. Samples were 20cm long 
with the seal in the middle. The seal length was 8cm peipendicular to the axis of 
pulling. The samples were mounted in an Instron model #1122 equipped with 
pneumatic clamp jaws to hold the samples firm. The cross head was extended at a 
rate of 200 mm/min until the sample broke. The load at break and elongation to 
break was recorded. The average in both the machine and transverse direction were 
averaged and reported in Table 1. 



15 Thickness of the laminate/seam 

The so-called Snap Gauge Method was used according to ASTM D 1777-64 (re- 
approved 1975) using a Peacock 20-360 Snap Gauge (M-213) tester. A specimen of 
at least 5.08 x 5.08 cm was used which been conditioned at 24±2°C and 65±2% 
relative humidity prior to testing. The presser foot of the tester was lowered onto the 

20 specimen without impact After five seconds a reading was taken. In the sampling 
pattern used, five specimens were tested and the mean of the five results together 
with the standard deviation was calculated. 

Weight of the fabric. 

25 The weight of the fabric was determined using a 8.9 cm diameter circular sample 
which had been conditioned at 24±2°C and 65±2% relative humidity prior to testing. 
In the sampling pattern used, five specimens were tested and the mean of the five 
results together with the standard deviation was calculated. Any balance accurate to 
0.01 g with a draft cover can be used. Further details of the test method are given in 

30 ASTM D 3776-96 Option C. 
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Water-Vapour-Permeahle 

Water vapour permeable as used herein is meant having a water-vapour-transmission 
rate (Ret) of under 150 (m'JPa) / W. The water vapour transmission rate is measured 
using the Hohenstein MDM Dry Method which is explained in the Standard- 
Prtlfvorschrift (Standard Test Rules) No. BPI 1.4 dated September 1987 and issued 
by the Bekleidungsphysiologisches Instituts e. V. Hohenstein, Germany. 

Waterproofness 

Waterproof as used herein is meant having water-penetration-resistance (hydrostatic 
resistance) of 0.13 bar or more. This measurement is carried out on laminates by 
placing a test sample of the laminate with an area of 100 cm 2 under increasing water 
pressure. For this purpose, distilled water with a temperature of 20±2°C is used and 
the rate of increase of the water pressure was 60±3 cmH 2 0/min. The water 
penetration resistance of the sample is then the pressure at which water appears on 
the opposite side of the sample. The exact method of carrying out this test is given in 
the ISO Standard No. 81 1 from 1981 . 



The measurement is carried out on seams by the so-called Suter test in which a test 
sample of the laminate including the seam is stretched over a holder. Distilled water 
20 with a temperature of 20±2°C was placed under a pressure of 0.13 bar on one side of 
the seam and the test sample left for at least four minutes. The other side of the seam 
was investigated using a dark tissue to see whether water penetration through the 
seam had occurred. 

Samples of the present invention were tested for waterproomess using a 
modified Suter test apparatus, which is a low water entry pressure challenge. Water 
was forced against the underside of a sample of 11.25cm diameter sealed by two 
circular rubber gaskets in a clamped arrangement. The sample was mounted with the 
woven face fabric downwards against the water, the knit layer with the taped seam 
being uppermost. It is important that a leakproof seal is formed by the clamp 
mechanism, gaskets and sample. In deformable samples, the sample was overlaid by 
a reinforcing scrim (e.g. an open non-woven fabric) clamped over the sample. The 
upper side of the sample with the taped seam was open to the atmosphere and visible 
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to the operator. The water pressure on Ihe underside of the sample was increased to 
2 pounds per square inch (0.14 kg/cm 2 ) by a pump connected to a water reservoir, as 
indicated by a pressure gauge and regulated by an in-line valve. The upper side of 
the sample was visually observed for a period of one minute for the appearance of 
5 any water which might be forced through the sample in the event of lack of 
waterproofiiess. Liquid water seen on the surface was interpreted as a deficiency in 
the waterproofiiess of the test. The sample passed the trest if no liquid water was 
visible on the upper side of the sample within the 
one minute test period. 

10 

Width of seam 

The width was measured along the length of a specimen in three locations and 
averaged to get the seam width for that specimen. Three specimen were tested and 
the mean of the three results was calculated. The width was measured to the nearest 
15 mm using a scale. 
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